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(57) ABSTRACT

(1) A container for a nonaqueous electrolytic solution, con-
taining a material containing an aluminum or aluminum alloy
layer, and storing a nonaqueous electrolytic solution contain-
ing a nonaqueous solvent having dissolved therein an elec-
trolyte salt, the container having a cap and a plug each formed
of a resin, and maintaining the nonaqueous electrolytic solu-
tion to have a water content of 50 ppm or less after storing in
the container for 30 days, (2) a nonaqueous electrolytic solu-
tion placed in the container, and (3) a method for storing a
nonaqueous electrolytic solution. The container for a non-
aqueous electrolytic solution is a light weight container that
prevents the nonaqueous electrolytic solution from being
decomposed on storing to maintain the high quality, and
facilitates and ensures the handling of the nonaqueous elec-
trolytic solution.

19 Claims, 2 Drawing Sheets
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CONTAINER FOR NONAQUEOUS
ELECTROLYTE SOLUTION, NONAQUEOUS
ELECTROLYTE SOLUTION TO PUT IN
CONTAINER, AND METHOD FOR STORING
NONAQUEOUS ELECTROLYTE SOLUTION

This applicationis a 371 of PCT/JP2011/075750 filed Nov.
8,2011. Priority to Japanese patent application 2010-252726,
filed Nov. 11, 2010, is claimed.

TECHNICAL FIELD

The present invention relates to a container for a nonaque-
ous electrolytic solution, a nonaqueous electrolytic solution
placed in a container, and a method for storing a nonaqueous
electrolytic solution.

BACKGROUND ART

In recent years, an electrochemical element, particularly a
lithium secondary battery, is being widely used for an electric
power source of an electronic device, such as a mobile phone
and a notebook personal computer, an electric power source
of an electric vehicle, and an electric power storage.

A lithium secondary battery is constituted mainly from a
positive electrode containing a material capable of absorbing
and releasing lithium, a negative electrode and a nonaqueous
electrolytic solution containing a lithium salt and a nonaque-
ous solvent, and as the nonaqueous solvent, organic solvents,
such as a cyclic carbonate, a linear carbonate, a linear car-
boxylate ester, a lactone and an ether, have been used.

The nonaqueous electrolytic solution has been used by
storing in a stainless steel container for preventing the con-
tainer from being corroded on storing. However, a stainless
steel container has problems that the container is inferior in
handleability due to the large weight thereof, that the con-
tainer is difficult to be reduced in weight and size due to the
poor processability thereof, and the like. Furthermore, an
ordinary stainless steel container has a cap, which is also
formed of stainless steel, and thus there is also another prob-
lem that when dripping occurs on using, solid matters are
deposited on the screw part at the neck portion of the con-
tainer to increase the force required for opening and closing
the cap, and simultaneously deterioration of the nonaqueous
electrolytic solution is accelerated. Accordingly, there has
been a demand of a container for an electrolytic solution that
has corrosion resistance, a light weight and excellent handle-
ability, and a storing method therefor.

As a container for storing a nonaqueous electrolytic solu-
tion, for example, Patent Document 1 discloses a polyethyl-
ene resin container having a body that is sealed with a thin
film part formed at the end of a cylindrical container for
enhancing the corrosion resistance and durability and for
enhancing the sealing function, the container being used after
opening the body by breaking the thin film part. However, the
container may not ensure the sealing property of the container
after opening once.

Patent Document 2 discloses an electrolytic solution con-
tainer having a rubber cap for sealing a liquid charging port,
but the sealing property of the liquid charging port may be
insufficient.

Patent Document 3 discloses in the examples a nonaqueous
electrolytic solution for a secondary battery that contains a
nonaqueous electrolytic solution containing a nonaqueous
solvent containing a cyclic carbonate and a linear carbonate,
having LiPF; dissolved therein, and contains a particular disi-
loxane, and the nonaqueous electrolytic solution is sealed and
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stored in a stainless steel container for 30 days. However,
there is a problem that a stainless steel container is inferior in
handleability due to the large weight thereof since the elec-
trolytic solution is generally handled in a narrow space, such
as a globe box.

As a canister container for a beverage, an edible oil and the
like as a content, a so-called resealable canister has been
known that has a neck portion capable of being engaged with
a sealing cap and is capable of being resealed with a cap
detachable to the neck portion. The resealable canister is
formed of a metal thin plate, such as an aluminum alloy plate
and a stainless steel plate, but the sealing function of the neck
portion of the container is generally insufficient when chemi-
cals are contained as a content liquid.

RELATED ART DOCUMENTS
Patent Documents

Patent Document 1: JP-U-B-5-31814
Patent Document 2: JP-U-A-56-51260
Patent Document 3: JP-A-2010-92748

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In view of the strength of a stainless steel plate and the
corrosion resistance of aluminum, it has been ordinarily con-
sidered that there is no attempt of changing the material of a
container for a nonaqueous electrolytic solution from a stain-
less steel plate to aluminum.

An object of the present invention is to provide a container
for a nonaqueous electrolytic solution that prevents the non-
aqueous electrolytic solution from being decomposed on
storing to maintain the high quality, and facilitates and
ensures the handling of the nonaqueous electrolytic solution,
a nonaqueous electrolytic solution placed in a container, and
a method for storing a nonaqueous electrolytic solution.

Means for Solving the Problems

The known containers, for example, the containers made of
stainless steel, which have a large weight, require power for
handling in a narrow space, such as a globe box, and thus there
is a problem of decreasing the working efficiency. Further-
more, on repeating open and close of the cap, deposits of the
electrolytic solution are accumulated between the cap and the
body of the container, which requires a force on opening and
closing the cap, and thus there is a problem of decreasing the
handleability.

As a result of detailed investigations by the present inven-
tors on the known containers for the storing capabilities of a
nonaqueous electrolytic solution, it has been found that the
known containers fail to ensure sufficient corrosion resistance
after opening once, and thus may not be used as a container
for storing a nonaqueous electrolytic solution that is neces-
sarily opened and closed repeatedly.

As aresult of investigations made by the present inventors
for solving the problems, it has been found that a container for
a nonaqueous electrolytic solution constituted by aluminum
or an aluminum alloy, which is capable of maintaining the
water content of the nonaqueous electrolytic solution to 50
ppm or less on storing, has a light weight and excellent
handleability, and also maintains the quality of the nonaque-
ous electrolytic solution, and thus the present invention has
been completed.
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The present invention provides the following items (1) to
3.

(1) A container for a nonaqueous electrolytic solution,
comprising a material containing an aluminum or aluminum
alloy layer, and storing a nonaqueous electrolytic solution
containing a nonaqueous solvent having dissolved therein an
electrolyte salt, the container having a cap and a plug each
formed of a resin, and maintaining the nonaqueous electro-
Iytic solution to have a water content of 50 ppm or less after
storing in the container for 30 days.

(2) A nonaqueous electrolytic solution placed in a con-
tainer, containing a nonaqueous solvent having dissolved
therein an electrolyte salt, the container comprising a material
containing an aluminum or aluminum alloy layer, having a
cap and a plug each formed of a resin, and maintaining the
nonaqueous electrolytic solution to have a water content of 50
ppm or less after storing in the container for 30 days.

(3) A method for storing a nonaqueous electrolytic solution
in a container, the container comprising a material containing
analuminum or aluminum alloy layer, having a cap and a plug
each formed of a resin, and maintaining the nonaqueous
electrolytic solution to have a water content of 50 ppm or less
after storing in the container for 30 days.

Advantages of the Invention

According to the present invention, a container for a non-
aqueous electrolytic solution is provided that prevents the
nonaqueous electrolytic solution from being decomposed on
storing to maintain the high quality, and facilitates and
ensures the handling of the nonaqueous electrolytic solution,
and a nonaqueous electrolytic solution placed in a container,
and a method for storing a nonaqueous electrolytic solution
are also provided.

The container for a nonaqueous electrolytic solution of the
present invention prevents the nonaqueous electrolytic solu-
tion from being decomposed on storing to maintain the high
quality particularly in the case where the container stores a
nonaqueous electrolytic solution containing a nonaqueous
solvent containing a cyclic carbonate, having dissolved
therein an electrolyte salt, and is opened and closed repeat-
edly twice or more, preferably three times or more, and fur-
ther preferably five times or more, and has a light weight and
excellent handleability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration showing an example of a
canister of a container for a nonaqueous electrolytic solution
according to the present invention.

FIG. 2(a) to FIG. 2(c) are schematic illustrations showing
examples of plugs and caps of a container for a nonaqueous
electrolytic solution according to the present invention. FIG.
2(a) shows an inner plug type, FIG. 2(b) shows an outer plug
type, and FIG. 2(c) shows a cap with a circular protrusion
(plug) provided.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

The container for a nonaqueous electrolytic solution of the
present invention is constituted by a material containing an
aluminum or aluminum alloy layer, and stores a nonaqueous
electrolytic solution containing a nonaqueous solvent having
dissolved therein an electrolyte salt, and the container has a
cap and a plug each formed of a resin, and maintains the
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nonaqueous electrolytic solution to have a water content of 50
ppm or less after storing in the container for 30 days.

For maintaining a nonaqueous electrolytic solution to have
awater content of 50 ppm or less after storing in the container
for 30 days, the container for a nonaqueous electrolytic solu-
tion of the present invention is formed of a material contain-
ing an aluminum or aluminum alloy layer and is sealed with
a cap and a plug each formed of a resin.

Container for Nonaqueous Electrolytic Solution

The material for the container for a nonaqueous electro-
Iytic solution (which may be hereinafter referred simply to as
a “container”) of the present invention contains an aluminum
or aluminum alloy layer from the viewpoint of the corrosion
resistance to a nonaqueous electrolytic solution to be charged
in the container, and a pure aluminum material and a material
containing an aluminum-manganese alloy layer are pre-
ferred. The material containing an aluminum or aluminum
alloy layer may be a material formed of only an aluminum or
aluminum alloy layer or may be a material having a laminated
structure with another layer.

On using a stainless steel container, dripping may occur on
taking an electrolytic solution out from the container, and the
electrolytic solution is attached to the screw part at the neck
portion of the container and dried to make the solute, such as
an electrolyte salt, contained in the electrolytic solution to be
deposited as solid matters. As a result, a large torque is
required for opening the cap, and the cap is necessarily
opened with a tool. A container for an electrolytic solution is
opened generally in a narrow space, such as a globe box, and
improvement of the workability at sites for tests, develop-
ments and the like, has been demanded. Furthermore, a gap
may be formed between the cap and the neck portion of the
container due to the solid matters thus deposited, which
brings about a problem of accelerating deterioration of the
nonaqueous electrolytic solution.

In the aluminum container for a nonaqueous electrolytic
solution of the present invention, on the other hand, the con-
tainer body is largely reduced in weight and has a good
balance in strength over the container, and thus a cap formed
of a resin may be used. As a result, even though a certain
amount of deposits are attached to the screw part at the neck
portion of the container, the torque for opening the cap is not
increased, the good handleability is maintained for a pro-
longed period of time, the container can be used repeatedly,
and the nonaqueous electrolytic solution can be prevented
from being deteriorated.

By controlling the water content of the nonaqueous elec-
trolytic solution precisely, the corrosion resistance of the
container formed of a material containing a pure aluminum
material layer or a material containing an aluminum-manga-
nese alloy layer is further enhanced.

The pure aluminum material preferably has a purity of 99%
or more for good corrosion resistance, and more preferably
has a purity of 99.5% or more, and further preferably 99.7%
or more. Preferred specific examples of the pure aluminum
material include JIS 1000 series materials, such as 1050 (pu-
rity: 99.50% or more), 1060, 1070 (purity: 99.70% or more),
1080 (purity: 99.80% or more), 1085 (purity: 99.85% or
more), 1100 (purity: 99.00% or more), 1200 (purity: 99.00%
or more) and 1NOO.

The aluminum-manganese alloy has corrosion resistance
and larger strength than the pure aluminum material, and thus
is preferred as a material demanded to have strength.

The aluminum (Al))-manganese (Mn) alloy may be an
Al—Mn binary alloy, and may be an Al—Mn—X ternary or
higher alloy containing at least one additional element X,
such as copper, silicon, magnesium and zinc. In any cases, the
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content of manganese in the alloy may be from 0.2 to 10% by
mass, preferably from 0.5 to 5% by mass, and more prefer-
ably from 0.8 to 3% by mass, from the viewpoint of the
strength and the corrosion resistance.

Preferred specific examples of the aluminum-manganese
alloy include JIS 3000 series materials, such as 3003, 3004,
3005, 3104, 3105 and 3203.

After shaping aluminum or the aluminum alloy into a con-
tainer, or after further polishing the surface of the container,
the corrosion resistance of the container is preferably
enhanced by allowing the container to stand in the air to form
a spontaneous oxide film, by forming an oxide film with an
oxidizing agent, or by forming a fluoride film.

Examples of the oxidizing agent for oxidizing the surface
of aluminum or the aluminum alloy include a gas containing
at least one selected from oxygen, ozone, nitrous oxide and
nitrogen peroxide, and a mixed gas of the gas with an inert
gas, such as nitrogen and argon.

Examples of the fluorinating agent for forming a fluoride
film on the surface of aluminum or the aluminum alloy
include a gas containing at least one selected from fluorine,
nitrogen fluoride and chlorine trifluoride, and a mixed gas of
the gas with an inert gas, such as nitrogen and argon.

An oxide film or a fluoride film may be formed on the
surface of the container by retaining aluminum or the alumi-
num alloy in the gas or gas stream, for example, at a tempera-
ture of from 100 to 600° C. for from 0.1 to 24 hours.

Other aluminum alloys than the aluminum-manganese
alloy may be used after coating a synthetic resin or the like
having good corrosion resistance in the form of a film on the
inner surface of the container. Examples of the synthetic resin
include a thermoplastic resin, for example, a polyolefin, such
as polyethylene (PE) and polypropylene (PP), a polyester,
such as polyethylene terephthalate (PET), and a polyamide,
such as nylon (NY), a fluorine resin, such as polytetrafiuoro-
ethylene (Teflon, a trade name), an ethylene-propylene dimer
(EPDM), an ethylene-propylene tetramer (EPT), and a per-
fluoro elastomer. The thickness of film used is preferably
from 5 to 50 um, and more preferably from 10 to 30 pm.

The shape of the container is not particularly limited, and
may be an arbitrary shape including a bottle type, a cylinder
type, an aluminum-laminated paper bag type, an aluminum
pouch type or the like.

The bottle type container may have an arbitrary horizontal
cross sectional shape including a circular shape and a polygo-
nal shape, such as triangular to octagonal shapes. Among
these, a circular horizontal cross sectional shape is preferred
from the viewpoint of the strength and the processability of
the container. The cross sectional area of the container may be
continuously changed in the vertical direction. For example,
the cross sectional area around the center of the container in
the height direction may be smaller than the cross sectional
areas in the vicinities of the ends of the container, thereby
forming a constricted shape having the container body that is
partly narrowed, or a surface concavo-convex structure may
be formed on the container, thereby forming a structure facili-
tating grasp of the container.

The aluminum-laminated paper bag type container may
have a rectangular columnar shape having a rectangular hori-
zontal cross sectional shape of the container or the like. The
structure of the aluminum-laminated paper is preferably a
multilayer structure containing a resin layer 1, an aluminum
or aluminum alloy layer, a resin layer 2, a paper layer, and a
resin layer 3, which are laminated in this order from the side
in contact with the nonaqueous electrolytic solution (i.e., the
inner side). Examples of the resin layer 1 include a polyolefin
layer, such as PE and PP, and/or a polyester layer, such as

10

15

20

25

30

35

40

45

50

55

60

65

6

PET, and examples of the resin layer 2 and the resin layer 3
include a polyolefin layer, such as PE and PP. The paper used
in the paper layer is not particularly limited, and examples
thereof include Manila paper board and white paper board,
which are used as a paper board for a paper container.

The aluminum pouch type container preferably has a mul-
tilayer structure containing a resin layer, such as a polyolefin,
e.g., PP, apolyester, e.g., PET, and a polyamide, e.g., NY, and
an aluminum layer or an aluminum alloy layer, which are
laminated on one another, and is preferably in the form of a
standing pouch.

Among these, a bottle type container is preferred due to the
good handleability thereof.

FIG. 1 is a schematic illustration showing an example of a
canister as a body of a bottle type container according to the
present invention. The canister 1 has a bottom portion having
adisk shape (which is not shown in the figure), a canister body
2 having a cylindrical shape having a lower end that is con-
nected to the periphery of the bottom portion, a skirt wall 4
that is provided above the canister body 2, and a neck portion
5 that is provided above the skirt wall 4. A screw part 6 is
provided on the outer peripheral surface of the neck portion 5
to form a liquid charging port 3 at the upper edge of the neck
portion 5.

The canister body 2 may be formed, for example, by rolling
up an aluminum or aluminum alloy thin plate having a thick-
ness of from 0.2 to 1.0 mm, preferably from 0.2 to 0.6 mm,
and more preferably from 0.3 to 0.5 mm, into a cylindrical
shape, and welding the overlapping portions thereof inte-
grally. The canister body 2 may have an inner coated film
formed of a synthetic resin provided on the inner surface
thereof depending on necessity. The material for the inner
coated film is not particularly limited as far as it causes no
dissolution to the nonaqueous electrolytic solution.

The canister body 2 has a straight outer shape having a
substantially constant shape over the entire length thereof.
The canister body 2 has on the uppermost position the neck
portion 5 provided through the skirt wall 4, and the neck
portion 5 has at the upper edge the liquid charging port 3. The
liquid charging port 3 is sealed with a plug (which is not
shown in the figure).

The skirt wall 4 has a smoothly curved cylindrical shape
with a taper having a diameter that is decreased toward the
above along the central axis of the canister body 2. The
inclination angle of the skirt wall 4, i.e., an angle with respect
to the line that is perpendicular to the central axis of the
canister body 2, is preferably in a range of from 20 to 50°, and
more preferably from 25 to 45°, from the viewpoint of the
mechanical strength of the canister 1.

An external screw for screwing on a screw part of a cap
(which is not shown in the figure) is provided on the outer
peripheral surface of the neck portion 5. The screw is not
particularly limited, and may be a screw formed of protru-
sions or depressions around the neck portion 5 or a screw
formed of protruded threads or depressed grooves that are
discontinuously formed, and the screw may have an arbitrary
number of thread. Instead of the external screw formed on the
outer peripheral surface of the neck portion 5, an inner screw
for screwing on a screw part of a cap (which is not shown in
the figure) may be provided on the inner peripheral surface of
the neck portion 5, and in this case, a cap has formed thereon
an external screw that is screwed on the inner screw formed on
the inner peripheral surface of the neck portion 5.

The container for a nonaqueous electrolytic solution of the
present invention stores a nonaqueous electrolytic solution
thereinside by sealing with cap, and a plug is used for main-
taining securely the airtightness of the container and prevent-
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ing securely leakage of the nonaqueous electrolytic solution
charged in the container, thereby maintaining the nonaqueous
electrolytic solution to have high quality for a prolonged
period of time, and for maintaining the good handleability.

Specifically, the materials for the cap and the plug and the
structure of the neck portion 5 may be determined to maintain
the sealed state, for maintaining the nonaqueous electrolytic
solution to have a water content of 50 ppm or less after storing
in the container for 30 days, preferably for maintaining the
nonaqueous electrolytic solution to have an acid content of 50
ppm orless in terms of hydrogen fluoride (HF) after storing in
the container for 30 days as described later, for maintaining
the change in acid content of the nonaqueous electrolytic
solution within +20 ppm or less in terms of HF after storing in
the container for 30 days, and for maintaining the nonaqueous
electrolytic solution to have an APHA value of 50 or less.

FIG. 2(a) to FIG. 2(c) are schematic illustrations showing
examples of plugs and caps of the container for a nonaqueous
electrolytic solution according to the present invention. FIG.
2(a) shows an inner plug type, FIG. 2(b) shows an outer plug
type, and FIG. 2(c) shows a cap with a circular protrusion
(plug) provided.

As shown in FIG. 2(a) and FIG. 2(b), the plug may be
separated from the cap, and thus may be an inner plug 7,
which is inserted inside the liquid charging port, or an outer
plug 8, which is capped outside the liquid charging port. The
outer plug 8 is preferred rather than the inner plug 7 since the
outer plug has less occasions to be in contact with the non-
aqueous electrolytic solution, thereby facilitating the mainte-
nance of the sealing property. Furthermore, the plug prefer-
ably has a handle or the like for facilitating detachment.

In the case where the plug is an inner plug 7, on inserting
the inner plug 7 into the liquid charging port, the side wall of
the inner plug 7 may be slanted in such a manner that the outer
diameter at the end thereof, which is in contact with the inner
side of the liquid charging port, may be smaller than the inner
diameter of the liquid charging port. Furthermore, the end
may have anotch or a curved surface, which is preferred since
the insertion of the inner plug 7 into the liquid charging port
may be facilitated.

As shown in FIG. 2(c), the plug may be in the form of a
circular protrusion attached to the cap, i.e., in the form inte-
grated with the cap, which is capable of sealing by contacting
with the inner wall of the liquid charging port on closing the
cap. The cap 9 having the circular protrusion (plug) attached
thereto enhances the sealing property of the container, and
prevents more effectively the low boiling point solvent con-
tained in the nonaqueous electrolytic solution from being
volatilized, and water from being mixed therein from the
outside of the container. The circular protrusion attached to
the cap is preferably provided in such a manner that the
surface (outer wall) thereof in contact with the inner wall of
the liquid charging port is slanted with respect to the inner
wall of the liquid charging port, and the slant angle 0 is
preferably from 0.5 to 45°, and more preferably from 1 to 30°.

The inner plug 7 or the outer plug 8, in which the plug is
provided separately from the cap, is preferred rather than the
cap 9 having the circular protrusion (plug) attached thereto
since it provides less occasions of the cap to be in contact with
the nonaqueous electrolytic solution, thereby facilitating the
maintenance of the sealing property.

The liquid charging port of the container may be in the
form of a cylinder having an outer diameter that is smaller
than the diameter of the body of the container. A notch or a
depressed portion may be provided in the cylindrical liquid
charging port to form a shape that prevents dripping.

20

25

35

40

45

50

55

60

65

8

A circular dripping preventing member that is provided in
a commercially available storing bottle (such as Duran (a
trade name) bottle) may be provided, and thereby the electro-
Iytic solution after discharging may be prevented from flow-
ing by dropping to the neck portion and the screw part of the
container.

The dimensional ratio of the liquid charging port and the
plug, which is the ratio (inner diameter of liquid charging
port)/(outer diameter of plug) for the combination of the
circular cap and the inner plug or the ratio (inner diameter of
plug)/(outer diameter of liquid charging port) for the combi-
nation of the circular cap and the outer plug, is preferably
from 0.920 to 0.995. The lower limit of the dimensional ratio
is more preferably 0.940 or more, and further preferably
0.960 or more, and the upper limit thereof is more preferably
0.993 or less, and further preferably 0.990 or less.

When the dimensional ratio is less than 0.920, a certain
force may be required for attaching the cap or detaching the
cap or the plug due to solid matters attached, dried and depos-
ited on the neck portion and the screw part of the container,
which may significantly deteriorate the workability in some
cases. When the dimensional ratio exceeds 0.995, on the other
hand, the sealing property of the container may be lowered,
which may facilitate volatilization of the low boiling point
solvent contained in the nonaqueous electrolytic solution and
contamination with water from the outside of the container,
thereby failing to maintain the nonaqueous electrolytic solu-
tion to have high quality for a prolonged period of time in
some cases.

The materials for the cap and the plug are not particularly
limited as far as they are such a material that does not elute the
components of the material even when the material is tempo-
rarily in contact with the nonaqueous electrolytic solution,
and has sealing property and durability as a cap or a plug, and
resin and metal materials may be used. Among these, fromthe
viewpoint of the sealing property and the handleability the
cap is preferably formed of a relatively rigid synthetic resin
having large mechanical strength, for example, a polypropy-
lene resin and a high density polyethylene resin.

The plug is generally substantially not in contact with the
nonaqueous electrolytic solution as the content of the con-
tainer, and thus the material of the plug is substantially not
eluted into the nonaqueous electrolytic solution, as compared
to elution of the material of the container into the nonaqueous
electrolytic solution. Accordingly, from the viewpoint of the
sealing property, the durability and the handleability, the plug
is preferably formed of a relatively soft synthetic resin having
smaller mechanical strength than the synthetic resin used for
the cap, for example, a polyethylene resin, such as low density
polyethylene (LDPE) and linear low density polyethylene
(LLDPE), and a fluorine resin, such as polytetrafluoroethyl-
ene (PTFE), a tetrafluoroethylene-perfluoroalkyl vinyl ether
copolymer (PFA), a tetrafluoroethylene-hexafluoropropylene
copolymer (FEP), a tetrafluoroethylene-ethylene copolymer
(ETFE), polyvinylidene fluoride (PVDF) and polychlorotri-
fluoroethylene (PCTFE).

The capacity ofthe container is not particularly limited, but
is preferably from 10 to 200,000 cm®, more preferably from
20 to 30,000 cm?, further preferably from 50 to 1,000 cm®,
and particularly preferably from 100 to 500 cm®, from the
viewpoint of the handleability. The body diameter of the
container is not particularly limited, but is preferably from 50
to 150 mm, and more preferably from 60 to 100 mm, from the
viewpoint of the handleability.

On charging the nonaqueous electrolytic solution in the
container, the charging ratio thereof is preferably from 20 to
98%, more preferably from 30 to 97%, and further preferably
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from 50 to 95%, of the capacity of the container. When the
charging ratio is less than 20%, volatilization of the low
boiling point solvent in the nonaqueous electrolytic solution
may be facilitated to increase the concentration of the high
boiling point solvent, and thus solid matters may be deposited
on the neck portion or the screw part, which may deteriorate
the sealing property. When the charging ratio exceeds 98%,
on the other hand, the cap may be liable to be in contact with
the nonaqueous electrolytic solution, or the inner pressure in
the container may be increased to deteriorate the sealing
property. Accordingly, the charging ratio is preferably within
the aforementioned range. The nonaqueous electrolytic solu-
tion is preferably charged in such a manner that the upper
surface of the nonaqueous electrolytic solution is lower than
the liquid charging port by 1 cm or more, more preferably 2
cm or more, and further preferably 3 cm or more.
Nonaqueous Solvent

Examples of the nonaqueous solvent used in the nonaque-
ous electrolytic solution of the present invention include a
cyclic carbonate, a linear ester, a lactone, an ether, an amide,
a nitrile, a phosphate ester, an S—O bond-containing com-
pound, a carboxylic acid anhydride and an aromatic com-
pound.

The nonaqueous solvent preferably contains a cyclic car-
bonate, and more preferably contains a cyclic carbonate and a
linear ester, from the viewpoint of effective expression of the
advantages of the present invention.

The term “linear ester’”” herein means a concept including a
linear carbonate and a linear carboxylate ester.

The nonaqueous solvent may be used solely or as a com-
bination of two or more kinds thereof.

Cyclic Carbonate

Preferred examples of the cyclic carbonate include ethyl-
ene carbonate (EC), propylene carbonate (PC), 1,2-butylene
carbonate, 2,3-butylene carbonate, 4-fluoro-1,3-dioxolan-2-
one (FEC), trans- or cis-4,5-difluoro-1,3-dioxolan-2-one
(which are hereinafter referred to as DFEC as a generic term),
vinylene carbonate (VC), and vinylethylene carbonate
(VEC).

Among these, a cyclic carbonate containing at least one
selected from EC, PC and a cyclic carbonate containing a
carbon-carbon double bond or a fluorine atom is preferred,
the use of at least one of EC and/or PC and a cyclic carbonate
containing a carbon-carbon double bond or a fluorine atom is
more preferred for further enhancing the battery characteris-
tics, and it is particularly preferred that EC and/or PC, and
both a cyclic carbonate containing a carbon-carbon double
bond and a cyclic carbonate containing a fluorine atom are
contained. Preferred examples of the cyclic carbonate con-
taining a carbon-carbon double bond include VC and VEC,
and preferred examples of the cyclic carbonate containing a
fluorine atom include FEC and DFEC.

Preferred specific examples of the combination of the
cyclic carbonates include EC and VC; FEC and PC; DFEC
and PC; EC, FEC and PC; EC, FEC and VC; and EC, VC and
VEC.

The content of the cyclic carbonate is not particularly lim-
ited, but is preferably from 0 to 40% by volume of the total
volume of'the nonaqueous solvent. When the content exceeds
40% by volume, the viscosity of the nonaqueous electrolytic
solution may be increased in some cases, and thus the content
is preferably within the range.

Linear Ester

Examples of the linear ester include an asymmetric linear
carbonate, such as methyl ethyl carbonate (MEC), methyl
propyl carbonate, methyl isopropyl carbonate, methyl butyl
carbonate and ethyl propyl carbonate, a symmetric linear
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carbonate, such as dimethyl carbonate (DMC), diethyl car-
bonate (DEC), dipropyl carbonate and dibutyl carbonate, and
a linear carboxylate ester, such as methyl acetate, ethyl
acetate, methyl propionate, ethyl propionate, methyl pivalate,
butyl pivalate, hexyl pivalate, octyl pivalate, dimethyl
oxalate, ethyl methyl oxalate and diethyl oxalate.

The use of an asymmetric linear carbonate contained is
preferred since there may be a tendency of enhancing the
battery characteristics, such as the storage property, and the
combination use of an asymmetric linear carbonate and a
symmetric linear carbonate is more preferred. The proportion
of the asymmetric linear carbonate contained in the linear
carbonate is preferably 50% by volume or more. The asym-
metric linear carbonate preferably contains a methyl group,
and is more preferably MEC.

The content of the linear ester, particularly the linear car-
bonate, is not particularly limited, but is preferably in a range
of from 60 to 100% by volume based on the total volume of
the nonaqueous solvent. When the content is less than 60% by
volume, the viscosity of the nonaqueous electrolytic solution
may be increased in some cases, and thus the content is
preferably within the range.

The ratio of the cyclic carbonate and the linear ester (linear
carbonate) is preferably that the volume ratio (cyclic carbon-
ate)/(linear ester) is from 10/90 to 40/60, more preferably
from 15/85 to 35/65, and further preferably from 20/80 to
30/70 from the viewpoint of enhancing the battery character-
istics, such as the storage property.

Other Nonaqueous Solvents

Examples of the lactone include y-butyrolactone (GBL),
y-valerolactone and c.-angelicalactone, examples of the ether
include a cyclic ether, such as tetrahydrofuran, 2-methyltet-
rahydrofuran, 1,3-dioxolane, 1,3-dioxane and 1,4-dioxane,
and a linear ether, such as 1,2-dimethoxyethane (DME), 1,2-
diethoxyethane and 1,2-dibutoxyethane, examples of the
amide include dimethylformamide and the like, examples of
the nitrile include acetonitrile, propionitrile, succinonitrile,
glutaronitrile, adiponitrile and pimelonitrile, and examples of
the phosphate ester include trimethyl phosphate, tributyl
phosphate and trioctyl phosphate.

Examples of the S—O bond-containing compound include
a sultone compound, such as 1,3-propanesultone 1,3-butane-
sultone, and 1.4-butanesultone, acyclic sulfite compound,
such as ethylene sulfite, 1,2-cyclohexanediol cyclic sulfite
and 5-vinyl-hexahydro-1,3,2-benzodioxathiol-2-oxide, a sul-
fonate ester compound, such as 1,2-ethanediol dimethane-

sulfonate, 1,2-propanediol dimethanesulfonate, 1,3-pro-
panediol dimethanesulfonate, 1,4-butanediol
dimethanesulfonate, 1,5-pentanediol dimethanesulfonate

and 2-propynyl methanesulfonate, a vinyl sulfone compound,
such as divinyl sulfone, 1,2-bis(vinylsulfonyl)ethane and bis
(2-vinylsulfonylethyl)ether, and sulfolane and the like.

Examples of the carboxylic acid anhydride include a linear
carboxylic acid anhydride, such as acetic anhydride and pro-
pionic anhydride, and, a cyclic carboxylic acid anhydride,
such as succinic anhydride, maleic anhydride, glutaric anhy-
dride and itaconic anhydride.

Examples of the aromatic compound include cyclohexyl-
benzene, a fluorocyclohexylbenzene compound (such as
1-fluoro-2-cyclohexylbenzene, 1-fluoro-3-cyclohexylben-
zene and 1-fluoro-4-cyclohexylbenzene), an aromatic com-
pound having a branched alkyl group, such as tert-butylben-
zene, tert-amylbenzene and 1-fluoro-4-tert-butylbenzene,
biphenyl, terphenyl (0-, m- and p-forms), diphenyl ether,
fluorobenzene, difluorobenzene (0-, m- and p-forms), ani-
sole, 2,4-difluoroanisole, and a partially hydrogenated com-
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pound of terphenyl (such as 1,2-dicyclohexylbenzene, 2-phe-
nylbicyclohexyl, 1,2-diphenylcyclohexane and
o-cyclohexylbiphenyl).

Among the aforementioned compounds, a solvent that is in
a solid state at ordinary temperature is preferably contained
since the advantages of the present invention may be further
exhibited, and in particular, ethylene carbonate and/or
vinylene carbonate are/is more preferably contained.
Electrolyte Salt

Preferred examples of the electrolyte salt used in the
present invention include the following lithium salts and
onium salts.

Lithium Salt

Preferred examples of the lithium salt include an inorganic
lithium salt, such as LiPF,, LiPO,F,, Li,PO,F, LiBF, and
LiClO,, a lithium salt containing a linear fluorinated alkyl
group, such as LiN(SO,CF,),, LiN(SO,C,Fs),, LiCF;S0;,
LiC(SO,CF;),, LiPF,(CF,),, LiPF;(C,F5);, LiPF;(CF,);,
LiPF;(is0-C;F,); and LiPF4(iso-C,F,), a lithium salt having
a cyclic fluorinated alkylene group, such as (CF,),(SO,),NLi
and (CF,);(SO,),NLi, and a lithium salt with an oxalate
complex as an anion, such as bis(oxalate-O,0") lithium borate
and difluoro(oxalate-0,0") lithium borate, which may be used
solely or as a mixture of two or more thereof. Among these, at
least one selected from LiPF,, LiPO,F,, Li,POLF, LiBF,,
LiN(SO,CF;), and LiN(SO,C,Fs), is preferred, and at least
oneselected from LiPF, LiPO,F,, LiBF, and LiN(SO,CF;),
is more preferred.

Onium Salt

Preferred examples of the onium salt include various salts
formed by combining the following onium cations and
anions.

Specific preferred examples of the onium cation include
tetramethylammonium cation, ethyltrimethylammonium cat-
ion, diethyldimethylammonium cation, triethylmethylam-
monium cation, tetraecthylammonium cation, N,N-dimeth-
ylpyrrolidinium cation, N-ethyl-N-methylpyrrolidinium
cation, N,N-diethylpyrrolidinium cation, spiro-(N,N")-bipyr-
rolidinium cation, N,N'-dimethylimidazolinium cation,
N-ethyl-N'-methylimidazolinium cation, N,N'-diethylimida-
zolinium cation, N,N'-dimethylimidazolium cation, N-ethyl-
N'-methylimidazolium cation and N,N'-diethylimidazolium
cation.

Specific preferred examples of the anion include PFg
anion, BF, anion, CIO, anion, AsF4 anion, CF;SO; anion,
N(CF,S0,), anion and N(C,F;SO,), anion.

These electrolyte salts may be used solely or as a combi-
nation of two or more kinds thereof.

Among the aforementioned salts, a salt that is in a solid
state at ordinary temperature is preferably contained since the
advantages of the present invention may be further exhibited,
and in particular, at least one selected from LiPF,, LiPO,F,
and LiBF, is more preferably contained since the electrolyte
salthas such a tendency that the electrolyte salt is reacted with
water to form a deposit attached to the neck portion of the
container.

The lower limit of the concentration of the electrolyte salt
used after dissolving in the nonaqueous electrolytic solution
is preferably 0.3 M or more, more preferably 0.5 M or more,
and further preferably 0.8 M or more. The upper limit thereof
may vary depending on the kind of the electrolyte salt and the
combination with the nonaqueous solvent, but the electrolyte
salt may be used up to a high concentration of the electrolyte
salt that reaches saturation with respect to the nonaqueous
solution. The upper limit is preferably 4 M or less, more
preferably 3 M or less, and further preferably 2 M or less.
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Nonaqueous Electrolytic Solution

The nonaqueous electrolytic solution of the present inven-
tion is placed in a container that is charged with a nonaqueous
electrolytic solution containing a nonaqueous solvent and an
electrolyte salt dissolved therein, and the container is formed
of aluminum or aluminum alloy, has a cap and a plug each
formed of a resin, and maintains the nonaqueous electrolytic
solution to have a water content of 50 ppm or less after storing
in the container for 30 days.

The nonaqueous electrolytic solution may be obtained, for
example, by dissolving the electrolyte salt in the nonaqueous
solvent at a concentration of from 0.3 to 4 M.

At this time, the nonaqueous solvent and the compounds to
be added to the nonaqueous electrolytic solution are prefer-
ably purified in advance in such an extent that the productivity
is not considerably impaired, and those containing impurities
in small amounts as possible are preferably used.

Water Content of Nonaqueous Electrolytic Solution

In the present invention, the water content of the nonaque-
ous electrolytic solution on storing in the container is con-
trolled in advance to be maintained to preferably 50 ppm or
less, more preferably 30 ppm or less, more preferably 25 ppm
or less, and further preferably 15 ppm or less.

The water content of the nonaqueous electrolytic solution
after storing in the container for 30 days is controlled in
advance to be maintained to preferably 50 ppm or less, more
preferably 40 ppm or less, further preferably 25 ppm or less,
and particularly preferably 15 ppm or less.

The water content of the nonaqueous electrolytic solution
after storing in the container for 60 days is controlled in
advance to be maintained to preferably 50 ppm or less, more
preferably 40 ppm or less, more preferably 25 ppm or less,
and further preferably 15 ppm or less.

The water content of the nonaqueous electrolytic solution
after storing in the container for 180 days is controlled in
advance to be maintained to preferably 50 ppm or less, more
preferably 40 ppm or less, further preferably 25 ppm or less,
and particularly preferably 15 ppm or less.

The water content of the nonaqueous electrolytic solution
may be measured with a Karl Fischer water content measur-
ing equipment.

The change in water content of the nonaqueous electrolytic
solution after 30 days from the time point of storing in the
container may be maintained to +15 ppm, preferably +10
ppm, and more preferably +5 ppm.

The change in water content of the nonaqueous electrolytic
solution after 60 days from the time point of storing in the
container is maintained to preferably 20 ppm, more prefer-
ably 15 ppm, and further preferably +10 ppm.

The change in water content of the nonaqueous electrolytic
solution after 180 days from the time point of storing in the
container is maintained to preferably 30 ppm, more prefer-
ably +20 ppm, and further preferably +10 ppm.

Acid Content of Nonaqueous Electrolytic Solution

The acid content of the nonaqueous electrolytic solution on
storing in the container is preferably 100 ppm or less, more
preferably 50 ppm or less, further preferably 30 ppm or less,
and particularly preferably 25 ppm or less, in terms of hydro-
gen fluoride (HF).

The acid content of the nonaqueous electrolytic solution
after 30 days from the time point of storing in the container is
preferably 100 ppm or less, more preferably 50 ppm or less,
further preferably 30 ppm or less, and particularly preferably
25 ppm or less, in terms of HF.

The acid content of the nonaqueous electrolytic solution
after storing in the container for 60 days is preferably 100
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ppm or less, more preferably 50 ppm or less, further prefer-
ably 30 ppm or less, and particularly preferably 25 ppm or
less, in terms of HF.

The acid content of the nonaqueous electrolytic solution
after storing in the container for 180 days is preferably 100
ppm or less, more preferably 50 ppm or less, further prefer-
ably 30 ppm or less, and particularly preferably 25 ppm or
less, in terms of HF.

The change in acid content of the nonaqueous electrolytic
solution after 30 days from the time point of storing in the
container is preferably 20 ppm, more preferably £15 ppm,
further preferably £10 ppm, and particularly preferably +5
ppm.

The acid content of the nonaqueous electrolytic solution
may be measured with a 0.01 N—NaOH aqueous solution as
a titrant and a bromthymol blue (BTB) solution as an indica-
tor by using, for example, an automatic titrator (TS-980, a
trade name, produced by Hiranuma Sangyo Corporation),
and the measured value is converted into a value in terms of
HF to provide the acid content.

APHA Value of Nonaqueous Electrolytic Solution

The APHA value of the nonaqueous electrolytic solution
onstoring in the container is preferably 150 or less, preferably
100 or less, more preferably 50 or less, and further preferably
30 or less.

The Hazen color unit (APHA value) of the nonaqueous
electrolytic solution after 30 days from storing in the con-
tainer is preferably 150 or less, more preferably 100 or less,
more preferably 50 or less, and further preferably 30 or less.

The APHA value of the nonaqueous electrolytic solution
after storing in the container for 60 days is preferably 150 or
less, preferably 100 or less, more preferably 50 or less, and
further preferably 30 or less.

The APHA value of the nonaqueous electrolytic solution
after storing in the container for 180 days is preferably 150 or
less, preferably 100 or less, more preferably 50 or less, and
further preferably 30 or less.

The APHA value may be measured in such a manner that
the standard solution that has the closest concentration to that
of the specimen is obtained according to JIS K6901, and the
number of the standard solution is designated as the APHA
value.

Method for storing Nonaqueous Electrolytic Solution

The method for storing a nonaqueous electrolytic solution
of'the present invention is a method for storing a nonaqueous
electrolytic solution in a container, and the container is
formed of a material containing aluminum or aluminum alloy,
has a cap and a plug each formed of a resin, and maintains the
nonaqueous electrolytic solution to have a water content of 50
ppm or less after storing in the container for 30 days.

The temperature on storing a nonaqueous electrolytic solu-
tion is preferably from 0 to 60° C., more preferably from 10 to
50° C., and further preferably from 20 to 45° C., from the
viewpoint of corrosion prevention.

The other details are as shown above.
Application of Nonaqueous Electrolytic Solution

The nonaqueous electrolytic solution of the present inven-
tion may be used as a nonaqueous electrolytic solution for
electrochemical element, for example, a lithium battery (such
as a lithium primary battery and a lithium secondary battery),
an electric double layer capacitor (which is an electrochemi-
cal element storing energy by utilizing an electric double
layer capacitance at an interface between an electrolytic solu-
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tion and an electrode), an electrochemical element storing
energy by utilizing doping/dedoping reaction of an electrode,
and a lithium ion capacitor (which is an electrochemical
element storing energy by utilizing intercalation of lithium
ion to a carbon material, such as graphite, as a negative
electrode). Furthermore, the nonaqueous electrolytic solution
of the present invention may be used for a solid polymer
electrolyte.

Among these, the nonaqueous electrolytic solution is pref-
erably used for the first electrochemical element (i.e., for a
lithium battery), and is most preferably used for a lithium
secondary battery.

EXAMPLES

Examples of the present invention are shown below, but the
present invention is not limited to the examples.

Preparation Example 1

Preparation of Nonaqueous Electrolytic Solution

A nonaqueous solvent having a ratio of ethylene carbonate
(EC)/methyl ethyl carbonate (MEC) of 3/7 (volume ratio)
was prepared, and LiPF; as an electrolyte salt was dissolved
therein to a concentration of 1 M, thereby preparing a non-
aqueous electrolytic solution.

Example 1

The nonaqueous electrolytic solution obtained in Prepara-
tion Example 1 was stored in a 1,000 cm? container formed of
aluminum having a purity of 99.5% (JIS 1050) (having a cap
formed of a polypropylene resin, a plug formed of low density
polyethylene, an inner diameter of a liquid charging port of
28.0 mm, and an outer diameter of the inner plug 0o 29.0 mm),
stored at 25° C. for 180 days, and measured for water content
and acid content before storing and with the lapse of time by
the above-mentioned method. The results are shown in Table
1.

Example 2

The same operation was performed as in Example 1 except
that the storing temperature was changed to 40° C. The results
are shown in Table 1.

Example 3

The same operation was performed as in Example 1 except
that 2% by mass of 1,3-propanesultone was further added to
the nonaqueous electrolytic solution obtained in Preparation
Example 1 to prepare a nonaqueous electrolytic solution. The
results are shown in Table 1.

Comparative Examples 1 and 2

The same operation was performed as in Example 1 except
that the storing containers were changed to one formed of
stainless steel (produced by Wada Stainless Industry Co.,
Ltd., 1,000 cm®) and one formed of polypropylene (PP) (pro-
duced by AS ONE Corporation, 1,000 cm?) respectively. The
results are shown in Table 1.
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TABLE 1
Comparative Comparative
Example 1 Example 2 Example 3 Example 1 Example 2
Material of container aluminum aluminum aluminum stainless steel PP
for electrolytic purity: 99.5% purity: 99.5% purity: 99.5%
solution (JIS 1050) (JIS 1050) (JIS 1050)
Mass of container 101 101 101 650 83
(&
Storing temperature 25 40 25 25 25
cC)
Elapsed number of 0 30 180 0 30 180 0 30 180 0 30 180 0 30 180
days (day)
Water content (ppm) 6 4 5 6 5 5 6 4 5 6 4 5 6 8 8
Acid content (ppm) 7 19 24 7 20 26 7 20 26 721 28 7 51 123
APHA value *1 <10 10 10 <10 10 20 <10 10 10 <10 10 20 <10 20 40
Elution of material none none nohe Nohe Nohe None Nohe Nole None nole nhohe nohe nhohe present present

*1: “<10” shows “less than 10”.

The nonaqueous electrolytic solutions stored under the
conditions in Examples 1 and 2 maintained good quality
without elution of the material of the container, and the elec-
trochemical characteristics of the lithium secondary batteries
using the stored nonaqueous electrolytic solutions were not
impaired. The containers had a light weight and thus were
markedly enhanced in handleability. In Comparative
Example 1, on the other hand, the mass of the container was
6.5 times larger than the mass of the container of the present
invention and thus handleability of the container of compara-
tive example 1 was inferior to the containers of Examples 1
and 2.

In the nonaqueous electrolytic solution stored under the
conditions of Comparative Example 2, the material of the
container was eluted in the electrolytic solution, and as a
result of UV spectrum measurement of the electrolytic solu-
tion with a spectrophotometer (UV2400PC, produced by Shi-
madzu Corporation), UV peaks derived from an aromatic
additive component were detected. The elution amount
thereof was increased with the lapse of the number of days,
and the electrochemical characteristics of the lithium second-
ary battery using the stored nonaqueous electrolytic solution
was affected thereby.

Examples 4 to 9 and Comparative Example 3
(1) Operation 1

As a nonaqueous solvent component, ethylene carbonate
(EC), vinylene carbonate (VC), methyl ethyl carbonate
(MEC), y-butyrolactone (GBL) and 1,2-dimethoxyethane
(DME) were prepared, and as an electrolyte salt, LiPF, and
LiBF, were prepared, with which nonaqueous electrolytic
solutions having the compositions shown in Table 2 were
prepared.

A container formed of aluminum having a purity of 99.5%
(JIS 1050) (internal capacity: 1,000 cm?, inner diameter of
liquid charging port: 28.0 mm) or a container formed of
stainless steel (produced by Wada Stainless Industry Co.,
Ltd., 1,000 cm®) was placed in a globe box controlled to have
a dew point of —-60° C. or less, and 900 mL or 400 mL of the
nonaqueous electrolytic solutions having various composi-
tions were charged therein and firmly sealed with a plug
formed of polyethylene (PE) (i.e., an inner plug having an
outer diameter 0of29.0 mm or 28.3 mm or an outer plug having
an inner diameter of 31.0 mm, provided that no plug was used
for the stainless steel container) and a cap formed of polypro-
pylene (PP) or a cap formed of stainless steel. Immediately
thereafter, the cap and the plug were opened, and the non-
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aqueous electrolytic solution in the container was collected
with a pipette and measured for the HF concentration, the
H,O concentration and the APHA value of the nonaqueous
electrolytic solution. The results are shown in Table 2.

(2) Operation 2

(Assumption of Spill of Electrolytic Solution)

Approximately 1 mL of the nonaqueous electrolytic solu-
tion was collected, and attached around the outer periphery of
the screw part of the aluminum container or the stainless steel
container, followed by wiping with a cloth. The nonaqueous
electrolytic solution was then sealed in the aluminum con-
tainer or the stainless steel container with the plug (provided
that no plug was used for the stainless steel container) and the
cap, and the aluminum container or the stainless steel con-
tainer was taken out from the globe box and stored in a
thermo-hygrostat chamber at 60° C. and a humidity of 40%
for one week. Thereafter, the aluminum container or the stain-
less steel container was again placed in the globe box. Imme-
diately thereafter, the cap and the plug (provided that no plug
was used for the stainless steel container) were opened, and
the nonaqueous electrolytic solution in the container was
collected and measured for the HF concentration, the H,O
concentration and the APHA value of the nonaqueous elec-
trolytic solution. At this time, such an operation was per-
formed that 1 mL of the nonaqueous electrolytic solution was
attached to the screw part and then wiped.

Thereafter, the operation 2 was further repeated twice. The
results are shown in Table 2.

InTable 2, the level of opening and closing properties of the
cap was evaluated according to the following standard.
level 1: capable of opening and closing by hand reasonably
level 2: capable of opening and closing by hand with certain

force
level 3: difficult to open or close by hand, and opened or

closed with tool

As a result of analysis of the solid matter attached to the
outer periphery of the screw part of the container of Com-
parative Example 3, the solid matter was a mixture of decom-
position products, which were considered to be derived from
LiPF; or LiBF,, ethylene carbonate and vinylene carbonate.
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TABLE 2
Composition of
electrolyte salt
Material of Composition of
container for Weight of nonaqueous electrolytic
electrolytic container solution
solution (g) Form of cap Dimension, etc. (volume ratio of solvent)
Example4  aluminum 101 cap: PP inner diameter of liquid 1M LiPF4
purity: 99.5% plug: LDPE charging port (28.0 mm)/outer EC/VC/MEC
(JIS 1050) circular, inner plug  diameter of plug (29.0 mm) = (28/2/70)
0.966
Example 5 aluminum 101 cap: PP inner diameter of liquid 1M LiPF4
purity: 99.5% plug: LDPE charging port (28.0 mm)/outer EC/VC/MEC
(JIS 1050) circular, inner plug  diameter of plug (28.3 mm) = (28/2/70)
0.989
Example 6  aluminum 101 cap: PP inner diameter of liquid 1M LiPF4
purity: 99.5% plug: LDPE charging port (28.0 mm)/outer EC/VC/MEC
(JIS 1050) circular, inner plug  diameter of plug (29.0 mm) = (28/2/70)
0.966
Example 7 aluminum 101 cap: PP inner diameter of liquid 1M LiBF,
purity: 99.5% plug: LDPE charging port (28.0 mm)/outer EC/GBL/DME
(JIS 1050) circular, inner plug  diameter of plug (29.0 mm) = (20/10/70)
0.966
Example 8  aluminum 101 cap: PP inner diameter of plug (31.0 mm)’ 1M LiPF¢
purity: 99.5% plug: LDPE outer diameter of liquid EC/VC/MEC
(JIS 1050) circular, outer plug  charging port (32.0 mm) = (28/2/70)
0.969
Example 9 aluminum 101 integrated cap and  angle between circular 1M LiPF4
purity: 99.5% plug: PP protrusion and inner wall of EC/VC/MEC
(JIS 1050) circular protrusion  liquid charging port: 15° (28/2/70)
inside cap
Comparative stainless steel 650 cap: stainless — 1M LiPF4
Example 3 steel EC/VC/MEC
plug: none (28/2/70)
Charging ratio
of nonaqueous
electrolytic ~ Analysis result of Level of opening and
solution nonaqueous Number of operation 2 closing properties of cap
(%) electrolytic solution 0 1 2 3 (3rd time)
Example 4 90 water content (ppm) 6 5 5 4 levell
Acid content (ppm) 7 29 32 39
APHA value *1 <10 20 40 50
Example 5 90 water content (ppm) 6 7 8 8 level 2
Acid content (ppm) 7 35 41 53
APHA value *1 <10 20 40 50
Example 6 40 water content (ppm) 6 5 5 7 level2
Acid content (ppm) 7 30 35 45
APHA value *1 <10 20 40 50
Example 7 90 water content (ppm) 7 6 6 5 levell
Acid content (ppm) 5 15 18 22
APHA value *1 <10 10 20 30
Example 8 90 water content (ppm) 6 5 4 4 levell
Acid content (ppm) 7 27 30 35
APHA value *1 <10 20 30 40
Example 9 90 water content (ppm) 6 6 7 7 level2
Acid content (ppm) 7 33 39 49
APHA value *1 <10 20 40 50
Comparative 90 water content (ppm) 6 7 8 9 level 3
Example 3 Acid content (ppm) 7 51 66 79
APHA value *1 <10 30 50 60
note:

LDPE shows low density polyethylene, and

“<10” shows “less than 10”.
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It is understood from Table 2 that the nonaqueous electro-
lytic solutions stored in the aluminum containers of Examples
4 to 9 of the present invention show small increase of the
water content and the acid content in the nonaqueous electro-
Iytic solution and show less coloration, as compared to the
nonaqueous electrolytic solution stored in the stainless steel
container of Comparative Example 3.

An electrolytic solution containing a component that is in a
solid state at ordinary temperature, such as a lithium salt, e.g.,
LiPF, and ethylene carbonate, forms an increased amount of
deposited matters on the neck portion of the container, which
deteriorate the sealing property, and thus the lithium salt may
be reacted with water entering into the container to cause
formation of an acid content (HF) and coloration. The depos-
ited matters may also deteriorate the opening and closing
properties of the cap. By using the aluminum container of the
present invention, however, the water content and the HF
concentration in the electrolytic solution are not increased,
coloration thereof is difficult to occur, and furthermore the
cap and the plug are not impaired in opening or closing to
provide good handleability.

The same advantages are obtained in the case where the
shape of the container of Example 4 is changed from the
bottle type to an aluminum-laminated paper bag type or an
aluminum pouch type, and the same polypropylene cap and
polyethylene inner plug as in Example 4 are used.

INDUSTRIAL APPLICABILITY

The container for a nonaqueous electrolytic solution and
the method for storing a nonaqueous electrolytic solution
according to the present invention can conveniently maintain
a nonaqueous electrolytic solution to have high quality, and
thus are significantly useful for storage and application of a
nonaqueous electrolytic solution.

DESCRIPTION OF SYMBOLS

: canister (bottle type)

: canister body

: liquid charging port

: skirt wall

: neck portion

. screw part

: inner plug

: outer plug

: cap with circular protrusion (plug)

O S0 R W -

The invention claimed is:

1. A combination comprising:

anonaqueous electrolytic solution comprising at least one
of ethylene carbonate and vinylene carbonate, the non-
aqueous electrolytic solution having dissolved therein at
least one electrolyte salt selected from LiPF, LiPO,F,,
and LiBF,, and

a container,

wherein the nonaqueous electrolytic solution is located in
the container, the container comprises a material com-
prising an aluminum or aluminum alloy layer which is in
contact with said nonaqueous electrolytic solution
located in the container, and a sealing cap and a plug
each formed of a resin, said container being configured
such that when said solution is sealed within said con-
tainer by said cap and plug it maintains a water content
of' 50 ppm or less, has an APHA value of 150 or less, and
an acid content of 100 ppm or less in terms of hydrogen
fluoride (HF) after storing for 30 days.

25

35

40

45

50

55

20

2. The combination according to claim 1, wherein the
container is formed of aluminum having a purity of 99% or
more or an aluminum-manganese alloy.

3. The combination according to claim 1, wherein the cap
is formed of a polypropylene resin, and the plug is formed of
a polyethylene resin.

4. The combination according to claim 1, wherein a ratio
(inner diameter of liquid charging port)/(outer diameter of
plug) or a ratio (inner diameter of plug)/(outer diameter of
liquid charging port) is from 0.920 to 0.995.

5. The combination according to claim 1, wherein an acid
content of the nonaqueous electrolytic solution after storing
for 30 days in the container is 25 ppm or less in terms of
hydrogen fluoride (HF).

6. The combination according to claim 1, wherein a change
in acid content of the nonaqueous electrolytic solution is
within +20 ppm or less in terms of HF after storing in the
container for 30 days.

7. The combination according to claim 1, wherein the
nonaqueous electrolytic solution has an APHA value of 30 or
less after storing for 30 days.

8. The combination according to claim 1, wherein the
electrolyte salt is LiBF ,.

9. The combination according to claim 1, wherein the
nonaqueous electrolytic solution comprises ethylene carbon-
ate, and the electrolyte salt is LiPF.

10. A method for storing a nonaqueous electrolytic solution
in a container, comprising placing said solution in said con-
tainer and sealing the container, wherein the nonaqueous
electrolytic solution comprises at least one of ethylene car-
bonate and vinylene carbonate and has dissolved therein at
least one electrolyte salt selected from LiPF,, LiPO,F,, and
LiBF,, the container comprises a material comprising an
aluminum or aluminum alloy layer and is sealed with a cap
and a plug each formed of a resin, and wherein the nonaque-
ous electrolytic solution is in contact with said aluminum or
aluminum alloy layer when in said container and maintains a
water content of 50 ppm or less, has an APHA value of 150 or
less, and an acid content of 100 ppm or less in terms of
hydrogen fluoride (HF) upon storing sealed in the container
for 30 days.

11. The method according to claim 10, wherein the con-
tainer is formed of aluminum having a purity of 99% or more
or an aluminum-manganese alloy.

12. The method according to claim 10, wherein the cap is
formed of a polypropylene resin, and the plug is formed of a
polyethylene resin.

13. The method according to claim 10, wherein a ratio
(inner diameter of liquid charging port)/(outer diameter of
plug) or a ratio (inner diameter of plug), (outer diameter of
liquid charging port) is from 0.920 to 0.995.

14. The method according to claim 10, wherein an acid
content of the nonaqueous electrolytic solution after storing
sealed for 30 days in the container is 25 ppm or less in terms
ot hydrogen fluoride (HF).

15. The method according to claim 10, wherein a change in
acid content of the nonaqueous electrolytic solution is within
+20 ppm or less in terms of HF after storing sealed in the
container for 30 days.

16. The method according to claim 10, wherein the non-
aqueous electrolytic solution has an APHA value of 30 or less
after storing sealed in the container for 30 days.

17. The method according to claim 10, wherein the elec-
trolyte salt is LiPO,F,.

18. The method according to claim 10, wherein the non-
aqueous electrolytic solution comprises ethylene carbonate,
and the electrolyte salt is LiPF.
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19. The combination according to claim 1, wherein the
electrolyte salt is at least one selected from LiPO,F,, and
LiBF,,.
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